Radiation recall dermatitis (RRD) is an inflammatory reaction that occurs at previously irradiated skin regions after drug administration. We herein report a patient with non-small-cell lung cancer treated previously with thoracic radiotherapy who developed severe RRD induced by atezolizumab (anti-programmed death 1 ligand 1 [PD-L1] antibody). Immunohistochemistry of the skin biopsy showed dermatitis with infiltration of CD8+ lymphocytes, suggesting that atezolizumab might provoke an immune-related inflammatory reaction at previously irradiated skin regions. When administering anti-PD-L1 antibody to patients who have undergone radiotherapy previously, physicians should carefully monitor the irradiated skin for the potential occurrence of RRD.
Introduction
Immune checkpoint inhibitors, including programmed cell death-1/programmed cell death ligand-1 (PD-1/PD-L1), provide dramatic survival benefits to patients with advanced non-small-cell lung cancer (NSCLC). Atezolizumab, a humanized, engineered immunoglobulin-G1 monoclonal antibody targeting PD-L1, has demonstrated improved survival rates over docetaxel in previously treated patients with NSCLC (1). However, immune checkpoint inhibitors like atezolizumab lead to various immune-related adverse events (irAEs) by increasing the activity of the immune system (2) . Immune checkpoint inhibitor-induced skin toxicities are the most frequent irAE, and inflammatory dermatosis conditions, including erythema multiforme minor, lichenoid, and eczematous dermatitis, occasionally cause life-threatening events, such as Stevens-Johnson syndrome (3) (4) (5) .
Radiation recall dermatitis (RRD) is an acute inflammatory skin reaction in a previously irradiated area triggered by the administration of a systemic agent. RRD is a relatively rare phenomenon and develops within days to weeks after drug administration (6, 7) . Although most recall-triggering drugs are cytotoxic anticancer agents, information on RRD induced by immune checkpoint inhibitors is scanty.
We herein report a patient with NSCLC who developed severe skin manifestations related to RRD after the administration of atezolizumab. To evaluate the immune microenvironment of RRD, we performed an immunohistochemistry analysis of a skin biopsy based on T lymphocytes and the PD-L1 expression. 
Case Report
A 61-year-old man was diagnosed with clinical T3N2M0 stage IIIC lung squamous cell carcinoma with a PD-L1 expression of 1% in June 2018. Chemotherapy with carboplatin and nab-paclitaxel was administered as first-line treatment. After the initial treatment, however, he developed difficulty breathing with symptoms of superior vena cava syndrome caused by enlarged mediastinal lymph nodes and carcinomatous pericarditis. He received 1 mg of oral dexamethasone and palliative radiotherapy for lymph node metastases and pericardium with a total dose of 30 Gy in daily fractions of 3 Gy (Fig. 1A) .
Although the symptoms of breathlessness improved after radiotherapy, a computed tomography scan showed progression of adrenal metastasis. Subsequently, he was treated with intravenous infusion of 1,200 mg atezolizumab. Twenty-one days after the administration of atezolizumab, he was admitted with the occurrence of relatively well-circumscribed erythema at the previously irradiated skin field ( Fig. 1B ). An erythematous rash was mainly observed in the trunk, part of the upper extremities, and the face and not in the lower extremities, nails, and oral cavity. Signs of infection, autoim-mune disorders, and suspected use of agents aside from anti-PD-L1 antibody were absent. A skin biopsy showed interface dermatitis with perivascular lymphocytic inflammatory cell infiltration ( Fig. 2A ). Based on these findings, we diagnosed him with severe skin disorder (CTCAE version 5.0, Grade 3) related to RRD induced by atezolizumab treatment.
He discontinued atezolizumab treatment and received an intravenous 150-mg dose of methylprednisolone (2 mg/kg/ day) for 3 days. Subsequently, he was treated with an intravenous 75 mg dose of methylprednisolone (1 mg/kg/day) for 4 days, and then oral prednisolone was reduced to 40 mg/ day. Prednisolone was tapered by 10 mg per week and stopped 4 weeks after the occurrence of RRD. His skin disorders disappeared two weeks after steroid therapy initiation and did not relapse.
Discussion
To the best of our knowledge, this is the first reported case of NSCLC in which severe skin manifestations associated with RRD occurred after administration of atezolizumab.
As mentioned above, RRD is an inflammatory skin disease that occurs in a previously irradiated field following the administration of systemic agents, such as cytotoxic chemotherapeutic agents. RRD occurrence can be considered similar to that of the Koebner phenomenon, which involves the appearance of skin lesions at the site of injuries, such as drug reactions and irradiation (6, 8) . The severity of RRD is mostly mild or moderate but can occasionally be severe. The interval between drug administration and the onset of RRD is several days to weeks (6, 7) . Recently, in three reports of RRD induced by nivolumab (anti-PD-1 antibody), two out of three patients developed life-threating dermatitis with Stevens-Johnson syndrome, and the interval from nivolumab administration to the onset of RRD was between three days and two weeks (9) (10) (11) . In the present case, the grade of RRD was severe, and the interval between atezolizumab administration and the onset of RRD was three weeks, which is consistent with these previous nivolumab-induced RRD case reports. In our case, the skin disorders improved after the administration of high-dose corticosteroids, despite the severe skin toxicity of the irAE. Although the role of systematic steroid therapy in RRD is unclear, management in line with the guidelines of immune-related skin disorders (prednisolone 1-2 mg/kg, tapering over at least 4 weeks) is preferred for severe RRD induced by immune checkpoint in-hibitors (3, 4) . Recently, PACIFIC studies showed that durvalamb, an anti-PD-L1 antibody, improved the overall survival in patients with locally advanced NSCLC after chemoradiotherapy (12) . Opportunities for the administration of anti-PD-L1 antibody have therefore been increasing in patients with NSCLC who received thoracic radiotherapy. When administering immune checkpoint inhibitors in patients previously treated with radiotherapy, skin reactions at the irradiated fields should be monitored closely, especially in the early periods after these treatments.
The precise mechanism underlying RRD induced by anti-PD-L1 antibody is unknown. However, for irAEs associated with immune checkpoint inhibitors, some potential mechanisms have been suggested, including increased T-cell activity against antigens presenting in tumors and healthy tissue, increased levels of preexisting autoantibodies or inflammatory cytokines, and enhanced complement-mediated inflammation due to direct binding of immune checkpoint inhibitors with immune checkpoint molecules expressed on normal tissue (2) . With respect to immune-related skin reactions, Simone et al. analyzed the immunohistochemistry of skin biopsy samples from melanoma patients who developed cutaneous adverse events due to anti-PD-1 antibody and found that CD8-positive lymphocytes had accumulated at the dermal junction and keratinocytes were expressed with PD-L1 (13) . In the present case, the immunohistochemical analysis showed that cytotoxic CD8-positive lymphocytes had infiltrated the epidermal-dermal junction and perivascular lesions, although the PD-L1 expression on epidermal cells was not detected (Fig. 2B and C) . Blocking the interaction between PD-1 and PD-L1 is involved in the effector phase of the immune response as well as the priming phase of naïve CD8-positive T cells because of the presence of PD-L1 expression on the surface of dendric cells in the lymph nodes (14) . Based on these findings, we hypothesize that RRD was induced by anti-PD-L1 antibody by activated cytotoxic lymphocytes recognizing the irradiated skin epithelium as non-self antigens in the priming phase and then infiltrating these regions to induce an immune-related inflammatory response.
Conclusion
We encountered a patient with NSCLC who developed severe skin reactions related to RRD after atezolizumab administration. We detected the infiltration of cytotoxic lymphocytes in a skin biopsy sample via an immunohistochemical analysis. When administering anti-PD-L1 antibody to patients with a history of radiotherapy, physicians should carefully check for skin reactions at the irradiated field, keeping in mind the possibility of RRD.
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